Objectives/Hypothesis: 1) To determine the prevalence of dysphagia in children with laryngomalacia, 2) To ascertain whether severity of laryngomalacia influences the presence of swallowing dysfunction, and 3) To examine whether patients with medical comorbidities and laryngomalacia have a higher prevalence of swallowing dysfunction.
INTRODUCTION
Laryngomalacia is the most common cause of stridor in infants and the most common congenital anomaly of the larynx. 1, 2 Laryngomalacia affects 50% to 75% of infants with stridor. [2] [3] [4] Patients typically present with inspiratory stridor during the first few weeks of life, which usually worsens over the first 6 months of life and peaks in severity at about 6 months of age, followed by gradual improvement in the symptoms, with most patients being symptom free by age 18 to 24 months. 4, 5 The stridor is typically worse with agitation, crying, feeding, and supine positioning. In addition to stridor, patients with laryngomalacia can have feeding difficulty, failure to thrive, dysphagia, aspiration, apnea, cyanosis, reflux, obstructive sleep apnea, and pulmonary hypertension in severe cases. 4, 6, 7 Gastroesophageal reflux disease (GERD) is a well-established comorbidity of laryngomalacia, and many patients with laryngomalacia have symptoms of and are treated for reflux. 4, [8] [9] [10] [11] [12] The diagnosis of laryngomalacia is typically made with flexible fiberoptic laryngoscopy. Findings include collapse of the supraglottic structures during inspiration, leading to inspiratory stridor and airway obstruction. Common endoscopic features include inspiratory prolapse of the arytenoid cartilages, redundant arytenoid mucosa, shortened aryepiglottic folds, and an omegashaped or tubular epiglottis.
The etiology of laryngomalacia is likely multifactorial, with anatomic, inflammatory, and neurological factors all contributing to the disease process. 4, 7, 15, 16 Anatomic factors include abnormal prolapse of laryngeal tissue, sometimes associated with tissue redundancy, leading to supraglottic obstruction. 4, [15] [16] [17] [18] [19] The cartilaginous theory suggests that immaturity or weakness of the laryngeal cartilage contributes to the obstruction. 4, 20, 21 GERD is intimately associated with laryngomalacia and may play a role in the etiology of the disease, although a clear causal mechanism has not been established. 4, 8, 10 The literature best supports neurological mechanisms as the principal cause for laryngomalacia, including neuromuscular hypotonia and impaired neuromuscular control. 4, 18, 22 Thompson demonstrated that abnormal sensorimotor integrative function and laryngeal tone play an important role in the etiology of laryngomalacia. 4 Given that swallowing interrupts breathing, infants with airway compromise or respiratory distress may not be able to safely coordinate sucking, swallowing, and breathing, leading to dysphagia and aspiration. 4, 6 Patients with laryngomalacia can have coughing and choking during feeding, feeding difficulty, dysphagia, aspiration, failure to thrive, or worsening of stridor during feeding. 6, 23, 24 Swallowing function can be assessed based on symptoms, clinical swallowing evaluation (CSE) performed by a speech pathologist, and objective instrumental swallowing studies including modified barium swallow (MBS) studies and fiberoptic endoscopic evaluation of swallowing (FEES) examinations. The true incidence of dysphagia and aspiration in infants with laryngomalacia is unknown.
A previous study has revealed that patients with more severe disease are more likely to have symptoms of feeding problems. 4 In addition, there is evidence that patients with medical comorbidities such as neurological impairment or congenital heart disease tend to have a greater severity of laryngomalacia. 4, 7, 25 The primary goal of this study was to evaluate swallowing function in children diagnosed with laryngomalacia. The specific objectives included the following: 1) to determine the prevalence of dysphagia in children with laryngomalacia based on symptoms, CSE by speech pathologists, and objective instrumental swallowing studies (MBS and FEES); 2) to ascertain whether severity of disease influences the presence of swallowing dysfunction in patients with laryngomalacia; and 3) to examine whether patients with medical comorbidities such as neurological impairment, congenital heart disease, or Down syndrome have a higher prevalence of swallowing dysfunction compared with patients without such comorbidities.
We proposed the following hypotheses: 1) Dysphagia and feeding difficulties would be common in patients with laryngomalacia. 2) Patients with more severe laryngomalacia would be more likely to have swallowing dysfunction. 3) Patients with comorbidities such as neurological impairment, congenital heart disease, or Down syndrome would have a greater severity of laryngomalacia and a higher prevalence of swallowing dysfunction compared with patients without these comorbidities.
MATERIALS AND METHODS
This retrospective cohort study was reviewed by the institutional review board at our institution and approved by expedited review. A retrospective chart review was performed for all patients seen in the aerodigestive center with laryngomalacia between January 1, 2007 and December 31, 2012 (6-year period). A search was performed for patients with an International Classification of Diseases, Ninth Revision (ICD-9) diagnosis code of 748.3 (other anomalies of the larynx, trachea, and bronchus). Patients with this diagnosis code who did not have laryngomalacia were excluded. All of these patients were seen and treated by one of three pediatric otolaryngologists working in the aerodigestive center. Data were collected on deidentified data sheets and compiled and sorted on an Excel spreadsheet (Microsoft Corp., Redmond, WA).
Data collected included age, gender, treating physician, gestational age, age at diagnosis, comorbidities (such as syndromes, GERD, and laryngopharyngeal reflux, neurological disease, congenital heart disease, and history of intubation or tracheotomy), presenting symptoms, other airway abnormalities (such as true vocal fold immobility, laryngeal cleft, tracheomalacia, and subglottic stenosis), severity of laryngomalacia, and treatment modalities. Presenting symptoms evaluated included stridor, feeding difficulty, failure to thrive, dysphagia, aspiration, apnea, cyanosis, gastroesophageal reflux, obstructive sleep apnea, and pulmonary hypertension. Symptoms of dysphagia and feeding difficulty were grouped together, including coughing and choking with feeds, regurgitation, and caregiver report of aspiration.
GERD was diagnosed based on symptoms and findings during flexible laryngoscopy or upper aerodigestive tract endoscopy in the operating room, including esophageal biopsies. Findings at endoscopy suggestive of reflux included the following: erythema or edema of the true vocal folds, arytenoids, and interarytenoid or postcricoid areas; cobblestoning, erythema, or edema of the tracheobronchial mucosa; and erythema, edema, friability, or vertical furrowing of the esophageal mucosa. Esophageal biopsy findings that histologically revealed esophagitis (including at least two of the following three features: basal cell hyperplasia, increased papillary height, and epithelial inflammation) were also considered diagnostic of GERD. Only one patient in this study underwent pH probe testing.
Severity of laryngomalacia was determined by the pediatric otolaryngologist in the aerodigestive center based on presenting symptoms, physical examination, and findings on flexible laryngoscopy, using the criteria established in the laryngomalacia severity scoring system designed by Thompson. 4 Patients diagnosed with mild laryngomalacia had symptoms of inspiratory stridor with or without coughing during feeding, and patients with moderate laryngomalacia had inspiratory stridor with the presence of any of the following symptoms: choking or gasping during feeding, frequent regurgitation, brief inconsequential apneas or cyanotic episodes, or intermittent dyspnea with retractions that did not require medical attention. 4 Patients with severe laryngomalacia had inspiratory stridor with lifethreatening complications such as failure to thrive, apnea, cyanosis, or dyspnea requiring medical intervention, pectus excavatum, pulmonary hypertension, and cor pulmonale. 4 Information about swallowing function was obtained from clinical symptoms, CSE performed by speech pathologists in the aerodigestive center, (MBS) studies, and FEES examinations. CSE, MBS, and FEES studies were performed at the discretion of the evaluating pediatric otolaryngologist and speech pathologist in the aerodigestive center. For the clinical swallowing evaluations CSE, the presence of congestion, coughing, choking, oxygen desaturation, or signs of respiratory distress were noted with various consistencies of feeds. The consistencies given for the CSE examinations as well as the MBS and FEES studies included thin liquids, nectar-consistency liquids (one ounce of rice cereal per two tablespoons of liquid), honey-consistency liquids (one ounce of rice cereal per one tablespoon of liquid), pureed, and solids when appropriate based on age.
The MBS studies were performed in the radiology department, with a radiologist and speech pathologist present. The patients were positioned in an age-appropriate tumbleform chair and fed various consistencies mixed with barium. Swallowing was assessed with fluoroscopy in the anterior-posterior and lateral planes. For each study, fluoroscopy times were minimized and kept to a total of 5 minutes or less. For MBS studies, the presence of penetration, aspiration, premature spillage, abnormal coordination, and other abnormalities were recorded across various consistencies of feedings.
The FEES examinations were performed in the endoscopy room in the aerodigestive center, with a speech pathologist and attending pediatric otolaryngologist present. Children were typically positioned on a caregiver's lap in an upright or semireclined position with gentle restraint. For infants under age 1 year, no topical anesthesia was usually given; for older children, a small amount of topical 2% lidocaine was instilled in the nasal cavity. A 2.5-mm or 4-mm-diameter flexible scope was advanced through the nasal cavity. During the flexible laryngoscopy, the nasal cavity, nasopharynx, oropharynx, hypopharynx, and larynx were assessed. Vocal fold mobility was evaluated, and the presence and degree of laryngomalacia was assessed. The patients were then fed an age-appropriate diet across various consistencies. For most infants, formula or breast milk was given via a bottle. However, there were a few instances in which infants were breast fed only and would not take a bottle; in these cases, FEES examinations were performed during breast feeding. For the FEES studies, the presence of aspiration, penetration, and premature spillage across various consistencies was noted.
Data were analyzed with IBM SPSS (IBM Corp., Armonk, NY). Comparisons of categorical data between groups were performed with the v 2 test, Fisher exact test, or logistic regression as appropriate. Comparisons of continuous variable data were performed with rank sum tests and Kruskal-Wallis tests. Dunn's procedure with a Bonferroni correction was done for multiple comparison testing. For all tests, statistical significance was defined as a P value <.05.
RESULTS

Demographics, Presentation, Symptoms, Comorbidities, and Disease Severity
During the study, 554 patients were seen in the aerodigestive center with the ICD-9 diagnosis code of 748.3 (other anomalies of larynx, trachea, and bronchus). Of these patients, 324 had laryngomalacia. One hundred thirty-four patients were female (41.4%) and 190 were male (58.6%). The median age at first development of symptoms was 0.0 months (standard deviation [SD] 3.0 months, range 0-37 months). The median age at diagnosis of laryngomalacia was 3.0 months (SD 11.9 months, range 0-115 months).
Of the 324 patients in the study, 268 patients (82.7%) were born full term (37 weeks gestation), and 56 patients (17.3%) were born prematurely (<37 weeks gestation). The median gestational age was 40.0 weeks (SD 3.0 weeks, range 24-41 weeks). Forty-nine patients (15.1%) had a history of a neonatal intensive care unit admission at birth, and for these patients, the median length of stay was 18.0 days (SD 22.4 days, range 1-120 days). Presenting symptoms included stridor (n 5 301, 92.9%), apnea (n 5 61, 18.8%), cyanotic episodes (n 5 42, 13.0%), and retractions (n 5 58, 17.9%).
Severity of laryngomalacia was categorized in 279 patients, and of these patients, 175 (62.7%) were mild, 80 (28.7%) were moderate, and 24 (8.6%) were severe. Severity of laryngomalacia was not reported in 45 subjects. Table I summarizes demographics, medical comorbidities, and symptoms in patients with mild, moderate, and severe laryngomalacia. Severity of laryngomalacia was not affected by gender, age at onset of symptoms, or medical comorbidities. We did find that patients with severe laryngomalacia had a significantly younger age at diagnosis compared with patients with moderate laryngomalacia (P 5.02). Patients with more severe laryngomalacia had a significantly greater prevalence of some symptoms, including apnea, cyanosis, failure to thrive, and retractions. There was no significant difference between males and females with respect to age at onset of symptoms, age at diagnosis, medical comorbidities, or presenting symptoms.
Most patients with laryngomalacia were also diagnosed with GERD (n 5 226, 69.8%). Medical comorbidities also included Down syndrome (n 5 10, 3.1%), neurological impairment (n 5 21, 6.5%), and congenital heart disease (n 5 3, 0.9%). When combining moderate and severe disease, patients in these groups were more likely to be diagnosed with GERD (82/104, 78.8%) than patients with mild disease (118/175, 67.4%) (P 5.04). There was no significant difference in the prevalence of any other medical comorbidities (other than GERD) based on severity of laryngomalacia.
Prevalence of Dysphagia
Symptoms of dysphagia or feeding difficulty were present in 163/324 patients (50.3%), and failure to thrive or poor weight gain was present in 31/324 patients (9.6%).
Swallowing evaluations included CSE in 53 patients (16.3%), MBS in 72 patients (22.2%), and FEES examinations in 130 patients (40.1%). There was a statistically significant association between the presence of subjective feeding difficulty or dysphagia and the presence of at least one abnormal pretreatment swallowing study (CSE, MBS, or FEES) (P 5.04).
Table II compares the CSE, MBS, and FEES results in patients who presented with subjective dysphagia with those who presented without subjective dysphagia. There were no statistically significant differences in the rates of abnormal individual studies for all three of these evaluations between these two groups. However, when combining all swallowing studies, including CSE, MBS, and FEES, more patients presenting with subjective dysphagia had at least one abnormal swallowing assessment (97/120, 80.8%) compared with patients presenting without subjective dysphagia (43/65, 66.2%) (Table II, P 5.03). A total of 140/185 (75.7%) patients in the study had the presence of aspiration, penetration, premature spillage, or other signs of abnormal swallowing function on at least one pretreatment study.
There was no independent effect of age at onset of symptoms, age at time of diagnosis, gender, or gestational age on swallowing function.
Swallowing Function and Disease Severity
There was no significant difference in the subjective report of feeding difficulty or dysphagia, nor in the results of objective swallowing tests, based on severity of laryngomalacia (Table I , P 5.26). When swallowing studies were combined (including CSE, MBS, and FEES), at least one abnormal study was found in 78/102 patients (76.5%) with mild laryngomalacia, 34/45 patients (75.6%) with moderate laryngomalacia, and 12/18 patients (66.7%) with severe laryngomalacia (Table III) .
There was also no significant difference in the proportion of patients with stridor between the three severity groups (P 5.36). However, patients with more severe disease were more likely to have failure to thrive (Table I, P 5.002).
Swallowing Function and Comorbidities
There was no significant difference in subjective swallowing dysfunction reported in patients with or without Down syndrome (P 5.50), neurological impairment (P 5.34), or congenital heart disease (P 5.51) ( Table I ). There was also no significant difference in percentage of abnormal MBS or FEES exams (aspiration, penetration, or premature spillage) in patients with or without Down syndrome (P 5.48), neurological impairment (P 5.35), or congenital heart disease (P 5.70). In addition, there was not a significant difference in the percentage of patients with abnormal CSE assessments in patients with or without Down syndrome (P 5.45), neurologicalal impairment (P 5.62), or congenital heart disease (P 5.55). Furthermore, we did not find a significant relationship between the severity of laryngomalacia and the presence of Down syndrome (P 5.55), neurological impairment (P 5.59), or congenital heart disease (P 5.26) (Table I) .
Synchronous Airway Abnormalities
Other synchronous airway abnormalities in addition to laryngomalacia were present in 94 patients (29.0%), and included vocal fold paresis or paralysis (1.8%, n 5 6), type 1 laryngeal cleft (4.9%, n 5 16), tracheomalacia (3.1%, n 5 10), and subglottic stenosis (17.6%, n 5 57). Of the patients with subglottic stenosis, 52 (91.2%) were grade 1, four (7.0 %) were grade 2, and one (2.8 %) was grade 3. Of the six patients with vocal fold paresis or paralysis, three were unilateral and three were bilateral. There was not a significant independent effect of the presence of synchronous airway abnormalities on swallowing function.
DISCUSSION
Patients with laryngomalacia can have difficulty coordinating breathing and swallowing, with resultant dysphagia, feeding difficulties, and aspiration. 4, 6, 23, 24 Possible etiologies of dysphagia in patients with laryngomalacia include airway obstruction leading to difficulty coordinating sucking, swallowing, and breathing; decreased laryngeal sensation secondary to GERD; and altered sensorimotor integrative function of the larynx. 4, 6 This study evaluated swallowing function in a large series of patients with laryngomalacia, assessing dysphagia based on symptoms, CSE, MBS, and FEES studies.
Our first hypothesis was that dysphagia and feeding difficulties would be common in patients with laryngomalacia. Our study supports this hypothesis, with 50.3% of patients having symptoms of dysphagia or feeding difficulty on initial presentation, and 9.6% of patients having failure to thrive or poor weight gain. Thompson also found that feeding problems such as coughing, choking, and regurgitation are common in patients with laryngomalacia, second in prevalence only to stridor. 4 In addition, in our study, 75.7% of patients had at least one abnormal pretreatment swallowing assessment (CSE, MBS, or FEES). More patients had positive FEES and MBS results than clinical symptoms of dysphagia, suggesting that these tests may have identified some cases of clinically occult aspiration. Alternatively, FEES and MBS may have yielded some false-positive results, and there may have been patient selection bias, with tests being performed more commonly in patients with subjective swallowing concerns. FEES studies have previously been shown to be valuable and feasible in evaluating children with dysphagia 26, 27 and to correlate well with MBS study results. 28 In this study, because patients were seen in a dedicated aerodigestive center where clinical data collection is prioritized, an attempt was made to perform swallowing studies as often as feasible in patients with laryngomalacia. Still, due to selection bias and the retrospective nature of this project, more dysphagia studies were performed in laryngomalacia patients with symptoms of dysphagia than in those without such symptoms. To minimize the effect of this selection bias on the results, we divided the patients with laryngomalacia into two study groups: 1) the 163 patients with symptoms of dysphagia (of whom 120 underwent at least one swallowing study), and 2) the 161 patients without symptoms of dysphagia (of whom 65 underwent at least one swallowing study). The study results were then evaluated separately in each group. The majority of patients in both groups did have at least one positive dysphagia study, although the percentage of having at least one positive study was higher in the symptomatic group (80.8%) compared to the asymptomatic group (60.2%).
Our second hypothesis was that patients with more severe laryngomalacia would be more likely to have swallowing dysfunction, because increased infant airway obstruction is thought to be able to lead to more Note that the severity of laryngomalacia was not reported in 45 subjects. Therefore, the numbers in the mild, moderate, and severe columns do not sum up to the total numbers for the various swallowing assessment results.
CSE 5 clinical swallowing evaluation; FEES 5 fiberoptic endoscopic evaluation of swallowing; MBS 5 modified barium swallow.
difficulty coordinating sucking, swallowing, and breathing. In addition, the presence and degree of symptoms including dysphagia play an important role in defining the category of severity of laryngomalacia (mild, moderate, or severe). 4, 7 However, in this study, we did not find a significant effect of severity of laryngomalacia on swallowing dysfunction, based on symptoms and results of CSE, MBS, and FEES studies. We did find that patients with more severe disease were more likely to have failure to thrive.
In contrast to our study, Thompson found that feeding symptoms such as coughing, choking, and regurgitation were more common in patients with moderate and severe disease than in patients with mild disease. 4 Reasons for our study's inability to demonstrate a correlation between disease severity and dysphagia prevalence may include: 1) possible variation in categorization of disease severity between individual clinicians in the aerodigestive center; and 2) incomplete data, with 45 patients (13.9%) not having been assigned a disease severity level. The possibility also exists that the data are correct, with dysphagia prevalence being high even in patients with mild laryngomalacia. Future similar studies from a larger number of institutions would help clarify the true association between disease severity and laryngomalacia prevalence.
Our final hypothesis was that patients with comorbidities (such as neurological impairment, congenital heart disease, and Down syndrome) would have a greater severity of laryngomalacia and a higher prevalence of swallowing dysfunction compared with patients without these comorbidities, as respiratory problems in children with these disorders have been previously reported, due to factors such as decreased laryngeal tone and poor sensorimotor coordination, leading to apnea, cyanosis, stridor, hypoxia, and increased work of breathing. 4, 6, 24, 25, [29] [30] [31] However, we did not find a significant relationship between the severity of laryngomalacia and the presence of these comorbidities. In addition, we found that the presence of these comorbidities was not associated with any differences among the percentage of patients with symptoms of dysphagia, nor the percentage of patients with abnormal results on CSE, MBS, or FEES examinations. In our study, we also found that GERD was more likely to be present in patients in the combined moderate and severe disease severity groups than in patients in the mild disease severity group.
Similar to the results of our study, Thompson found that GERD is more common in patients with moderate and severe disease compared with mild disease. 4 However, Thompson also found that neurological disease and congenital heart disease were more commonly seen in patients with severe laryngomalacia than in those with mild or moderate disease. 4 It is possible that the small numbers of patients with each of these comorbidities in our study did not allow us to detect a significant relationship with disease severity or the presence of swallowing dysfunction.
Most patients in our study had mild disease (62.7%), followed by moderate (28.7%) and severe (8.6%) disease. The presenting symptoms in our patients were similar to those in the literature, including stridor, dysphagia or feeding difficulty, apnea, cyanotic episodes, failure to thrive, and retractions. 4, 7, 13, 32 GERD was also quite common in our cohort of patients with laryngomalacia. We diagnosed GERD based on symptoms and findings during flexible laryngoscopy or upper aerodigestive tract endoscopy in the operating room, including esophageal biopsies. Only one patient in our study underwent pH probe testing, as this technique is not routinely used at our institution for the diagnosis of reflux in children. The heterogeneity in the diagnosis of GERD in this study may have caused some patients to be incorrectly diagnosed. In the literature, there is also significant heterogeneity in the methods of diagnosis of GERD in patients with laryngomalacia. 10 We found synchronous airway lesions in 29.0% of the patients, which included vocal fold paresis or paralysis, type 1 laryngeal cleft, tracheomalacia, and subglottic stenosis. Many of these synchronous airway lesions were found incidentally during operative airway endoscopy (often at the time of supraglottoplasty) and may not have been clinically significant. The incidence of synchronous airway lesions in the literature ranges from 7.5% to 64%; the large range is likely explained by the methods used to diagnose these secondary airway lesions. 7, 33, 34 We did not find a significant effect of the presence of other airway abnormalities (including type 1 laryngeal clefts) on swallowing function.
Given the high prevalence of dysphagia in children with laryngomalacia, we feel that it is important to assess swallowing function in children with this disease. In our aerodigestive center, we plan to implement a clinical care pathway, in which caregivers of all patients with laryngomalacia have specific questions asked about swallowing symptoms, a CSE by a speech pathologist, and at least one baseline objective instrumental swallowing assessment (MBS or FEES).
In our article, we characterized the severity of laryngomalacia according to the criteria provided in the 2007 Triological Thesis The Laryngoscope publication by Dana Thompson. 4 This categorization system does allow for some inherent subjectivity, but was the most thorough and wellestablished system we could find. If there were any inaccuracies in our disease severity categorization, they most likely arose not from using the Thompson system per se, but from us grading disease severity in a retrospective fashion, thus allowing for the possibility that not all data were available for accurate grading to take place. Still, the patient records we reviewed did provide a large amount of data, and we did the best we could, given the retrospective nature of the study, to assign disease severity properly. We are instituting a prospective data collection and disease severity categorization process to help further enhance accuracy in future studies.
Limitations of this study include its retrospective design and the fact that some patients did not have follow-up and that there was variability in the length of follow-up. Reporting of symptoms may have been biased by the retrospective nature of the study. In addition, not all of the patients had all of the same swallowing assessments (CSE, MBS, and FEES). Another potential limitation is that this study did not specifically evaluate the correlation between CSE, MBS, and FEES results, although previous studies have demonstrated a good correlation between CSE and MBS studies when looking for aspiration or penetration of liquids 35 and between FEES and MBS studies. 36 Furthermore, the number of patients with medical comorbidities such as neurological impairment, congenital heart disease, and Down syndrome were relatively small, which could have prevented detecting an association between these comorbidities and disease severity or the presence of swallowing dysfunction.
From the outset, the goal of this article was to characterize the association between laryngomalacia and dysphagia and to look at the prevalence of dysphagia in patients with laryngomalacia. The next logical issue to address would be the impact of medical and surgical treatment of laryngomalacia on swallowing function. We have been collecting data on this topic and are planning to analyze and present this information in another article. Furthermore, a future prospective study in which all patients with laryngomalacia receive CSE, FEES, and MBS studies before and after treatment, and caregivers receive a standardized questionnaire about dysphagia and feeding difficulties, will help better elucidate the relationship between laryngomalacia and swallowing function in children.
CONCLUSION
Swallowing dysfunction is very common in children with laryngomalacia. It is thus important to assess swallowing function in patients with laryngomalacia before and after treatment. Swallowing studies are frequently abnormal in laryngomalacia patients presenting both with and without subjective symptoms of dysphagia or feeding difficulty. This study did not find a significant effect of severity of laryngomalacia on swallowing dysfunction. We also did not find a significant relationship between the presence of comorbidities such as neurological impairment, congenital heart disease, and Down syndrome, and severity of laryngomalacia or presence of swallowing dysfunction. GERD was the only medical comorbidity that we found to be associated with greater severity of laryngomalacia. Future prospective studies are needed to further elucidate the relationship between treatment and swallowing function in patients with laryngomalacia.
